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I. INTRODUCTION
In China, practices of horizontal or highly deviated wells, as well as multilateral completions, have developed rapidly in recent years in the exploration of coal bed methane (CBM). The purposes of these activities are to contact more hydrocarbon-bearing payzone area with a single well in order to maximize productivity. Such wellbores often penetrate hundreds of meters of productive zone as opposed to tens of meters contacted in vertical well configurations.
Furthermore, the development of horizontal drilling technologies has been complimented by parallel development of drill-in fluids. The drill-in fluids are formulated to provide the functionality of drilling muds to drill through the productive zone while minimizing the associated wellbore damage experienced with conventional drilling fluids. The standard practice is to drill to the tops of the payzone using the conventional muds and then switches to the cleaner drill-in fluids to drill through the pay [1] .
Rheological Behaviors of Bio-degradable Drilling Fluids in Horizontal
Drilling of Unconsolidated Coal Seams enhances cutting transport capabilities. Although drill-in fluids are inherently less damaging than the conventional drilling muds, relatively impermeable filter cakes are nonetheless still deposited on the borehole wall.
Insufficient degradation of the filter-cakes resulting from even these "clean" drill-in fluids can significantly impede flow capacity at the wellbore wall [2] . This reduced flow capacity can result in significant reduction of the well productivity or injectivity. Formation damage from drilling fluids leaking off into the formation, especially in unconsolidated and high permeability coal seams, as well as filter-cake impairment, must be eliminated to realize the full potential of horizontal completions.
A common approach to minimizing damage during the drilling of openhole horizontal wells is to use a brine-based drill-in fluid system with acid or water-soluble weighting agents followed by the application of acid or an oxidative breaker system to dissolve filter-cake solids and polymers [3] [4] [5] [6] . The typical wellbore treatment to remove damage due to the drill-in fluid filter cake consists of pumping 0.497 m 3 of 15 wt% hydrochloric acid per meter of interval [7] .
Acids and oxidative solution washes appear to perform reasonably well in the laboratory environment where contact of the filter-cake damage with the reactive solution is easily achieved. However, previous testing had indicated that application of acids or oxidative solutions may not be effective for removing the damage in horizontal intervals [8] . The problem is particularly evident when such treatments are applied in extended length openhole intervals. The primary problem is thought to be inadequate contact of the reactive solution with the drill-in fluid damage [7] .
The main deficiency of acids and oxidizers is that they are non-specific reactive species which will react with anything encountered which is oxidizable including tubular goods, hydrocarbons, and some formation components. They are a least partially spent prior to arrival at the damaged location for the non-specific reactants begin spending upon with any oxidizable material. In the situation of extended length openhole intervals, this phenomenon can pose extreme difficulties.
Acids also tend to produce wormholes resulting in the generation of additional non-productive reaction area to divert the reactive solution away from the targeted damage [2] . In addition, work has indicated that the polymers often coat the solid particles such as the calcium carbonate. This polymer coating limiting the penetration of acid to the solid and restricts their reaction [9] .
II. APPROACH TO PROBLEM RESOLUTION
Recent introduced technology utilizes polymer-linkage specific enzymes complexes to hydrolyze polymers to non-damaging fragments. Such applications have been coupled with a follow-up treatment involving an acid wash to remove acid-soluble bridging agents [2, 7, [10] [11] [12] [13] [14] [15] [16] [17] .
Enzymes are polymers of amino acids with a high molecular weight. They are produced by living organisms and can act as catalysts to promote specific reactions, under relatively mild conditions of pH and temperature [16] . Furthermore, as a catalyst, the original structure of an enzyme is unchanged by the reaction it promotes; it can then initiate another, and so on.
The enzyme based catalytic activities are often extremely specific that is to say a certain enzyme can only catalyze the break down or synthesis of certain compounds. Different from acidic or oxidative processes, the enzyme systems will not react with substances other than the targeted polymers. Therefore, corrosion of tubular goods as well as iron-promoted sludging are also avoided using the technology of polymer bio-degradation.
The enzyme system attacks the drill-in fluid filter-cake damage by degrading the polymer, which will ensure the free flow of CBM flowing into the wellbore.
Ⅲ. EXPERIMENTAL PROCEDURES

A. Experimental Materials
Bio-degradable polymers included guar, carboxymethyl cellulose (CMC) and Konjak. Enzyme additives were enzymes SE-1, SE-2 and SE-3, which were the complex of protease, xylanase, amylase, β-glucanase, cellulose, et al. Bentonite and sodium carbonate were used to make polymer muds.
B. Test Procedure 1: Rheological Model of Polymer Drilling Fluids
Polymers 
D. Test Procedure 3: Evaluation of the effects of different factors on the viscosity breaking behaviors of bio-degradable drilling fluids
Using apparent viscosity as the main evaluating parameter, laboratory tests were run to evaluate the effects of polymeric substrate type (single polymer, compound polymers and polymer mud), polymeric substrate concentration, enzyme type and enzyme concentration on the viscosity breaking behaviors of bio-degradable drilling fluids. Table Ⅲ . Based on the results of Table 2 and Table 3 , Power model was the optimal rheological model which could be utilized to describe the rheological behaviors of polymer drilling fluids [18] .
Ⅳ. RESULTS AND DISCUSSION
A. Rheological model of bio-degradable drilling fluids
B. Viscosity Reductions of Typical Bio-degradable
Drilling fluids 2) Viscosity breaking time of Konjak was only 13.5
hours therefore it was easier to be degraded. It was fully degraded for its viscosity breaking ratio was 100%.
3) Although the initial apparent viscosity of CMC solution and guar gum solution was different, they had very close final apparent viscosity. Therefore, it's not ridiculous that the viscosity breaking ratio of guar gum solution was 10% higher than CMC solution. 
